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© According to a method of producing an optical 
disk, comprising the steps of providing a jig having a 
cylindrical portion and a center pin formed on said 
cylindrical portion coaxially therewith; providing a 
transparent substrate having a reference hole formed 
therein at its central portion and disposed coaxially 
with an imaginary center of beam-tracking tracks, on 
the substrate, constituted by preformed pits and 
projections which tracks are spaced at predeter- 
mined intervals radially outwardly of the reference 
hole: r itting said cylindrical portion of the jig into the 
reference hole in the transparent substrate; and in- 
serting the center pin of said jig into a spindle hole, 
formed in a spindle hole-containing member, against 
movement relative to the spindle hole, and subse- 
quently securing the spindle hole-containing member 
to a central portion oi the transparent substrate while 
keeping the relative position thereof the spindle hole 
being smaller in diameter than the reference hole in 
the transparent substrate, concentricity of the refer- 
ence hole and the spindle hole can be easily at- 
tained. 



FIG. I 
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METHOD OF PRODUCING OPTICAL DISK, JIG FOR CARRYING OUT THE METHOD, AND OPTICAL DISK 

PROOUCED BY THE METHOD 



BACKGROUND OF THE INVENTION 

This invention relates generally to an optical 
disk fcr use, ?cr example, in an optical disk car- 
tridge, and mere particularly tc an optical disk of 
the type which comprises a trarsparent substrate 
having beam-guiding ; beam -•racking) tracks of 
prefcrmec pits and projections $_ch as preformed 
grooves, and a spindle hole-concerning member (for 
example, a center hub having a scindle hole there- 
through) bonded or adhered to the transparent sub- 
strate, and also to a jig for assembling such an 
optical disk and a method of producing such an 
optical disk. 

One known method of producing an optical 
disk is a photosensitive resin method 
(photopoiymer method: hereinafter referred to as 
, rt 2P method"). Briefly, in such 2P method, a 
liquidified photosensitive resin such as an ultra- 
violet ray-curing resin is filled in a gap between a 
stamper and a transparent substrate to form a 
photosensitive resin film. Then, light is irradiated 
onto the transparent substrate to cure the pho- 
tosensitive resin film. Subsequently, the transparent 
substrate, together with the cured photosensitive 
resin film (replica film), is separated from the 
stamper, thereby providing an optical disk. 

in this 2P method, however, when the pho- 
tosensitive resin is to be fined in the gap between 
the stamper and the transparent substrate, extreme 
care must be taken to ensure :'r.a: bubbles and dirt 
will not be introduced Inco the enctcsensitive resin. 
In addition, care must be taken so that the replica 
film, when separated from the stamper, will not 
have flaws caused, for example, by an imperfect 
separation. Tnus, a strict production control is 
needed, and for this reason the 2P method is not 
suited fcr mass-production purcoses. A further 
problem is that during use or storage of the optical 
disk, the replica film is gradually peeled or sepa- 
rated from the transparent substrate, thus shor- 
tening the lifetime of the optical disk. 

In order to overcome the drawbacks of the 
above 29 method, there have been proposed an 
injection method, a compression method and an 
injection-compression method (which are 
hereinafter referred to as "molding method") all of 
which do not use a repiica film, in such a molding 
method, a stamper is used as one of molds, and 
when a transparent substrate is to be molded, 
beam-guiding tracks of pits and projections, such 
as preformed grooves and preformed pits, are 
formed directly in the transparent substrate. 

Fig. 23 is a sectional view of an optical disk 



which has earlier been proposed by -Jr.e inventors 
of the present invention in their ccmcany but has 
not yet been known to the public. 

In Fig. 23. a transparent substrate 50 has a 
5 center hole 50a formed therethrough, and a record- 
ing layer 51 is formed on one side cr face of the 
transparent substrate 50. and a protective layer 52 
covers the recording layer 51. A center hub 53 
comprises a holder 55 and a magnetic plate 54 
jo secured to the holder 55. 

When the optical disk is loaded into a disk 
drive device (not shown), the magnetic plate 54 Is 
magnetically attracted by a permanent magnet 
mounted on a turntable (spindle hub) of the disk 
is drive device, thus providing a so-called magnet- 
clamping. The magnetic plate 54 and the holder 55 
of a synthetic resin are beforehand connected in- 
tegrally with each other by an adhesive or the like. 
A cylindrical portion 55a of the holder 55 is fitted in 
20 the center hcie 50a of the transparent substrate 50. 
and a flange 55b of the holder 55 is secured to the 
transparent substrate 50 by an adhesive or the like, 
so that the transparent substrate 50 and the center 
hub 53 are connected integrally with each other. 
25 In this construction, however, because of di- 

mensional inaccuracies of the center hub 53 (which 
are unavoidable in the manufacture) cr inaccuracy 
of the fitting of the cenrer hub 53 in the transparent 
substrate 50. the imaginary center of the tracks of 
20 the preformed grooves in the transparent substrate 
50 is displaced witn respect to the center or axis of 
the center hub 53 to an unacceptable extent, which 
results in an imperfect product (optical disk). 

Therefore, the imaginary center of the tracks of 
35 the preformed grooves was measured using an 
optical measurement means, and the relative posi- 
tion between the transparent substrate 50 and the 
center hub 53 was so controlled that the imaginary 
center of the tracks of the preformed grooves was 
to aligned or registered with the axis of the center hub 
53. and then the transparent substrate 50 and the 
center hub 53 were adhesively bonded together. 

With this method, however, with respect to 
each optical disk, it is necessary to measure the 
^5 imaginary center of the tracks of the preformed 
grooves in the transparent substrate 50. and the 
measurement of this imaginary center as well as 
the registration cr positioning of the center hub 53 
relative to the transparent substrate 50 is very 
50 complicated and requires much time, which results 
in a problem that a high production efficiency is not 
achieved. 



EP 0 386 971 A1 



4 



SUMMARY OF THE INVENTION 

With the above deficiencies in view, it is an 
object of :his invention to provide a method ca- 
pable of producing optical risks stable in quality 
efficiently on a mass-production basis, and to pro- 
vide a jig usee fcr performing such a method as 
well as the optica! risk produced thereby. 

Accoroirg to a first aspect of the present in- 
vention, there is provided a method of producing 
an optical cisk, comensmg the steps of: 
providing a jig having a cylindrical portion and a 
center pin rcrmec on the cylindrical portion co- 
axiaily therewith: 

providing a transparent substrate having a refer- 
ence hole : crmed therein at its central portion and 
disposed coaxiaily with an imaginary center of 
beam-tracking tracks, on the substrate, constituted 
by preformed pits and projections which tracks are 
spaced at predetermined internals radially outward- 
ly of the reference hoie: 

fitting the cylindrical portion of the jig into the 
reference hoie in the transparent substrate: and 
inserting the center pin of the jig into a spindle 
hole, formed »n a spincle hole-containing member, 
against movement relative to the spindle hole, and 
subsequently securing the spindle hole-containing 
member to a central portion of the transparent 
substrate while keeping relative positions thereof, 
the spindle hole being smaller in diameter than the 
reference hole in me transparent substrate. 

According to a second aspect of the present 
invention, there is creviced a jig for assembling an 
optical cisk rcuces: 

a cylindrical ccrt:cr. acacrec to be fitted in a -eg- 
istration reference hoie formed in a transparent 
substrate at :ts certrai corticn. the transparent sub- 
strate having beam-tracking tracks of preformed 
pits and projections which tracks are spaced at 
predetermined intervals radially outwardly of the 
reference hole and are ccncentrical therewith; and 
a center pin formed integrally on the cylindrical 
portion coaxiaily therewith, the center pin being 
adapted to be inserted into a spindle hole formed 
in a spindle hoie-ccntaining member at a central 
portion thereof. 

According to a third aspect of the present 
invention, there is provided an optical disk compris- 
ing: 

a transparent substrate having a registration refer- 
ence hole formed therein at its central portion, the 
transparent substrate having beam-tracking tracks 
of preformed pits and projections which tracks are 
spaced at orecetermmec intervals radially outward- 
ly of the reference hole and are concentrical there- 
with; and 

a spindle hole-containing member having a spindle 
hole smaller in diameter than the reference hoie in 



the transparent substrate, the spindle hcle-ccntain- 
ing member being positioned relative to the trans- 
parent substrate by means of a ;ig in such a 
manner that the axis of rotation of the spmc:e hole 

s is aligned with the axis of the reference hc s e dis- 
posed coaxiaily with a tracking center of the rcacai 
disk, and the spindle hole-containing member oe- 
ing fixedly secured to the transparent substrate. 
The transparent substrate and the spindle hole- 

to containing member are set or positioned on the jig 
having the cylindrical portion and the center pin 
coaxiaily formed integrally therewith, so tr.at the 
imaginary center of the beam-tracking tracks of pits 
and projections is automatically aligned w:th the 

is center or axis of the spindle hole in the somdie 
hole-containing member. Therefore, a high mass- 
production efficiency is achieved, and the quality cf 
the optical disk can be made stable. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features and 
advantageous effects will be made clearer from 
25 description of preferred embodiments referring to 
attached drawings m which: 

Fig. t is a partly-broken, perspective view of 
an optical disk produced by a method according ;c 
a first embodiment of the present invention, show- 
30 ing the manner in which an optical disk substrate 
and a center hub are registered or positioned rela- 
tive to each ether, using an assembling jig; 

Fig. 2 is an exploded perspective view, 
showing the optical disk substrate, the center hue 
j5 and the :ig; 

Fig. 3 is an enlarged perspective view of the 

center hub; 

Fig. 4 is a sectional view of the optical disk 
according to the first embodiment; 
40 Fig. 5 is a sectional view of a second em- 

bodiment of an optical disk of the present inven- 
tion; 

Fig. 6 is a perspective view of a modified 
center hub; 

J5 Fig. 6A is a partly-broken perspective view 

of a modified optical disk having the center nubs cf 
Fig. 6: 

Fig. 7 is a perspective view cf a modifiec 
magnetic plate; 

50 Fig. 3 is a sectional view showing a third - 

embociment of the present invention; 

Fig. 9 is a pian view of an optical disk 
cartridge containing a modified optical disk tfcurh 
embociment of the invention), having a shutter :n 
55 its closed condition; 

Fig. 10 is a view similar to Fig. 9. but having 
the shutter in its ooen condition; 

Fig. 1 1 is a sectional view of the optical disk 
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of Fig. 9: 

Fig. i2 is- view of a center hub of the 
optical disk cf F 

Fig. 13 i$:icnal view of the center hub 

Of Fg. 12; 

Fig. ;4 [ s cm view cf the center hub of 
Fig. 12: 

Fig. \5 is^arged, sectional view or an 
inner peripheral l of the center hub of Fig. 12 
in the vicnity of ndle hole: 

Fig. !5 is'iarged. sectional view of an 
outer penoheralin of the center hub of Fg. 
12: 

Fig. 17 i«ian view of a ;ig used for 
assembling the o disk; 

Fig. 18 is rtional view of a portion of a 
further modified ai disk (fifth embodiment of 
the invention); 

Fig. 19 is sionai view of a center hub of 
the optical disk of 18; 

Fig. 20 is ji view of the center hub of 
Fig. 19: 

Fig. 21 is mlarged sectional view of a 
further modified ci disk (sixth embodiment of 
the invention); 

Fig. 22 is iew similar to Fig. 21 but 
showing a furthendified optical disk (seventh 
embodiment of theention); and 

Fig. 23 is a ticnal view of an optical disk 
which has been ear proposed by the inventors 
of the present inven tut not yet known to the 
public. 



053CRIPTICN OF HE -REFERRED EMBODI- 
MENTS CF THE iiV.:NTiCl 

Preferred emcccnentstf optical disks of the 
present invention wiEnow c described with refer- 
ence to the drawings in wen like or identical 
reference numerals denote crresponding parts in 
several views. 

Figs. 1 to 4 shews a firs embodiment of the 
present invention. Fg. i is • partly-broken per- 
spective view of man pcrtioni showing the man- 
ner in which an optical disc sustrate and a center 
hub are registered or positiond with respect to 
each other by the use of an asembling jig. Fig. 2 
is an exploded perspective vie*, showing the op- 
tical disk substrate, the center h£ and the jig. Fig. 
3 is an enlarged perspective of the center 
hub. Fig. 4 is a sectional view of *e optical disc. 

In Fig. 4. the transparent substrate 1 is molded 
of a synthetic resin such as pcVcarbonate and 
polymethyl methacryiate, by an njection molding 
method. Simultaneously with the molding of the 
transparent substrate 1, tracks of preformed 
grooves are formed in signal receding regions of 
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the optical disx. The transparent substrate 1 has a 
reference hole la formed therethrough at its central 
portion for registration purposes. r he reference 
hoie 1a is precisely finished into a true circular 
5 shape. The transparent substrate 1 s molded so 
precisely that the amount of eccentricity of ihe 
imaginary center of the track of the preformed 
grooves from the center (axis) of the reference hele 
la falls within a predetermined allowable rangr. A 

jo recording layer 2 is formed on one side or face of 
the optical disk substrate 1. and nas the ab- 
ovementioned preformed grooves. A crctective lay- 
er 3 is provided to cover the recording layer 2. In 
the present invention, the recording layer 2 may be 

is of any kind and type, and the present invention is 
also applicable to a construction or structure of the 
type in which there is not used the protective layer 
covering the recording layer 2. 

The center hub 4 comprises a disk-shaped 

20 magnetic plate 5 for magnet clamping, and a hold- 
er 6 of a synthetic resin. Although the magnetic 
plate 5 and the holder 5 are fixed tcgether by an 
adhesive or by fusion, they may be integral with 
each other by insert molding. The magnetic plate 5 

25 is made, for example, of a magnetic stainless stee! 
(SUS 430). and the outer diameter cf the magnetic 
plate 5 is slightly smaller than the diameter of the 
center hole 1a of the optical disk substrate 1. The 
magnetic plate 5 has a spindle hole 5a formed 

30 therethrough at the central portion thereof, and the 
spindle hoie 5a is also precisely formed into a true 
circular shape. A center pin of a jig is inserted into 
the spindle ~cle 5a for registration or alignment 
purposes when an assembling and registration step 

:5 is carried cut as =ater described. In addition, after 
the optical disk is produced, a eerier pin of a 
spindle hub cf a disk drive device is adapted to be 
inserted into the spindle hole 5a to effect the 
positioning or registration of the optical disk. 

*o As best shown in Fig. 3, the holder 5 has a 

support disk portion 6a for supporting the magnetic 
plats 5. a short (flattened) cylindrical portion (boss 
of the hub) ob continuous with the support disk 
portion 6a. and a thin flange 6c of a ring-shape 

-is formed on :he end of the cylindrical portion 6b 
remote from the support disk portion 6a. The sup- 
port disk portion 6a. the cylindrical portion 6b and 
the flange 6c are formed integrally with one an- 
other to provide a one-piece construction. A plural- 

50 ity of (four in this embodiment) notches or open- 
ings 6d are formed in the cylindrical portion 6b and 
are circumferentiaily spaced from one another at 
equal intervals. The outer diameter of the cylin- 
drical portion 5b disposed within the reference hoie 

55 la of the transparent substrate 1 is slightly smaller 
than the diameter of the reference hole 1a. In this 
embodiment, there is provided a clearance or gap 
of about several tens of u.m or more between the 
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peripheral surface cf the reference hole la and the 
outer peripheral surface of the cylindrical portion 
5b. 

As shown in Fig. 4. tre r ange 5c of the holder 
5 'S fixecly secured zr ccncec by an achesive 7 to 
mat side of :he transcarent substrate 1 on wnich 
:he recorcing layer 2 ;S rcrrrsc. With this construc- 
tion, when -he optical tfsx is set on the spinale hub 
of the disk drive device, a magnetic attractive force 
produced by a permanent rragnet of this spindle 
nub acts on the magnetic piate 5 in such a manner 
as :o urge f .he transparent sucstrace I coward the 
bcnaing surface of the center nub 4 (i.e.. the flange 
Sc), hereby eliminating ire possibility that the 
bonding surfaces of :r.e two are separated from 
each other. 

For registering the transcarent substrate l with 
the center hub 4 and for integrally connecting them 
together, a registration ;ig 8 shown in Figs. 1 and 2 
is used. The jig 8 is made of a wear-resistant 
material such as stainless steel (SUS 304 or ferrite- 
type SUS). The jig 3 has a base portion 8a. and a 
short cylindrical portion 3b formed on the base 
portion 3a. and a center pin 8c formed on the 
cylindrical pcrtion 3b. Tre central axis of the cylin- 
drical portion 3b is prec:seiy aligned with the cen- 
tral axis cf the center pin 3c, and their outer 
peripheral surfaces are precisely finished into a 
true circular shape. 

As shown in Fig. 2. the outer diameter d3 of 
the cylindrical porticn 3b is substantially equal to 
the diameter c4 cf the -eference hole la in the 
transparent substrate :. ana the outer diameter di 
of the cancer cin 3c s ecua: :o the diameter d2 of 
the spindle hc»e 5a ~ re magnetic plate 5. 

A plurality of . ! c-r n tr.iS embcdiment) fan- 
shaped notches 3b- 1 are '"crmed or cut in the outer 
peripheral portion of the :ylindrical portion 8b. and 
are circumfereniialiy scaced from one another at 
equal inten/als, so that a plurality of (four in this 
embodiment) fan-shaped prelections 8b-2 are pro- 
vided. The fan-shaped projections 8b-2 are so ar- 
ranged as to correspond respectively to the 
notches 5d in the cylindrical portion 5b of the 
holder 6. so that the ejections 8b-2 can be fitted 
in the notches 5d. respectively. 

When the transparent substrate 1 and the cen- 
ter hub 4 are to be adhesively bonded together, the 
adhesive 7, such as an jitraviolet ray-curing adhe- 
sive, an epoxy-type achesive and a urethane-type 
adhesive, is beforehanc coated uniformly on the 
upper surface of the flange 5c of the holder 6, as 
indicated by hatching .r Fig. 2. Then, the center 
cm 8c cf the jig 8 is inserted ;nto the spindle hole 
5a of the hub 4 (di = z2) t and at the same time 
the fan-shaped projections 8b-2 of the jig 8 are 
inserted respectively into the notches 6d formed in 
the cylindrical portion 5b of the holder 6. thereby 



first setting the center hub 4 in position on the jig 
8. 

Then, in this condition, the cyiindrical portion 
6b of the center hub * is inserted into the refer- 

5 ence hole la of the transparent sucstrate 1. so that 
that the outer penpnerai surfaces of the r'an-shacea 
protections 8b-2. exposed outwardly through the 
respective notches 5d in the cylir.cr.ca! portion 5b 
and partly in the flange 5c. are brought into contact 

to with the inner peripheral surface of the reference 
hole la (d3 = d4). Fig. 1 shows :nis condition in 
which the axis cf the reference -de la in the 
transparent substrate I is alignec with the axis of 
the spindle hole 5a in the center hue 4 by the :ig 3. 

is In this condition, by curing the achesive 7. the 
imaginary center of the tracks of the preformed 
grooves in the transparent substrate l is main- 
tained precisely in alignment with the axis of the 
center hub 4. . 

20 Therefore, the imaginary center cf the tracks of 

the preformed grooves does not need to be aligned 
with the axis of the center hub 4 by means of the 
conventionally-used optical measurement, and the 
transparent substrate l can be registered with the 

25 center hub 4 efficiently and accurately, thereby 
improving the production efficiency. 

in view of dimensional irregularities of the outer 
diameter of the cylindrical portion 5b of the holder 
6. dimensional irregularities of the diameter of the 

30 reference hole la of the transparent substrate l 
(those irregularities are unavoidable in the manu- 
facture) and burs formed on the ceripherai edges 
cf the reference hcie la and the cylindrical porticn 
5b. it has been confirmee through experiment that 

;s the outer ciamecer of the cy.incr cai porticn 5c 
shouic preferaoly be smaller than :re ciameter of 
the reference hole la by at :eas: 0.05 mm, and 
mere preferably should be smailer by at least 0.1 
mm. In this embodiment, the outer diameter of the 

40 cylindrical portion 6b is 0.06 mm smaller than the 
diameter of the reference hole la. 

As shown in Fig. 3. those portions cf the inner 
periphery of the flange 5c of the hoicer 6 disposed 
immediately adjacent respectively to the notches 
5d are cut or notched radially outwardly beyond 
the diameter of the reference hole " a of the trans- 
parent substrate I so as not to interfere with the 
arcuate outer peripheral surfaces of the fan-shaped 
projections 8b-2 of the \\g 8. 

so For precisely registering the reference hoie la 

of the transparent substrate 1 with the arcuate 
outer peripheral surfaces of the fan-shaped projec- 
tions 8b-2 of the jig 3. it has also been confirmed 
through experiment that it is very advantageous to 

55 effect such registration by cress-fitting the refer- 
ence hole la of the transparent substrate i around 
the arcuate outer peripheral surfaces of the fan- 
shaped projections 8b-2. particularly when the 



s 
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transparent substrate 1 is melded of a synthetic 
resin. In this case, it has been confirmed that the 
amount of this press-ntting should preferably be 
about 0.01 mm to 0.05 mm (that is, d3 - d4 = 
about 0.01 mm to 0.05 mm) because of an easier 
press-ficting 3nd a higher oredsion of the registra- 
tion. 

it is preferrea that -he material of the transpar- 
ent substrate 1 be ecual or approximate in coeffi- 
cient of thermal expansion to the material of the 
center hub 4. In this emccdiment. the transparent 
substrate i and the center hub 4 are both molded 
of polycarbonate, and therefore have the same 
coefficient of thermal expansion. 

Although the optical cisk of a single-sided type 
has been described in Figs. 1 to 4. the present 
invention is also applicable to a double-sided op- 
tical disk. Fig. 5 shows a double-sided optical disk 
of an air-sandwich construction or structure. 

In this second embodiment of the present in- 
vention shown in Fig. 5. two transparent substrates 
1 and 1 are disposed in opposed relation to each 
"other, with their respective recording layers 2 di- 
rected inwardly. Ranges 6c of two center hubs 4 
fixedly secured respectively to the transparent sub- 
strates \ may be bonded together by an adhesive 
9. In the case where the two transparent substrates 
l are bonded together through a separate spacer 
disposed radially outwardly of the two flanges 6c. 
the two flanges 6c are not necessarily be bonded 
together. 

The two fiances 6c aiso perform the function of 
an inner peripheral spacer ? cr providing an air gap 
10 of a predeterminec Thickness between the two 
transparent substrates i and i , and although not 
shown in the drawings, an cuter peripheral spacer 
is interposed between the cuter peripheral portions 
of the two transparent substrates 1 and 1 . Thus, as 
in this embodiment, when die two flanges 6c are 
designed to ser/e also as the inner peripheral 
spacer, the number of the component parts as well 
as the cost are reduced. 

Fig. 6 is a perspective view of a modified form 
of the center hub 4. In this case, notches 6e are 
formed in the flange 5c. and are continuous with 
the notches 6d. respectively, so that the flange 6c 
has flanges sections circumferentially spaced from 
one another by the notches Se. The two transpar- 
ent substrates 1 and 1 to which the two center 
hubs 4 and 4 with the notches 6e are fixedly 
secured, respectively, are mated together in such a 
manner that the alternate flange sections and 
notches 6e of one of the two flanges 6c are fittingly 
engaged with the alternate notches 6e and flange 
sections of the other flange 5c. respectively, there- 
by assembling a double-sided optical disk of an 
air-sandwich construction. With this arrangement, 
the gap 10 between the two transparent substrates 



i and 1 is reduced in thickness, so cha: the overall 
thickness of the product (optical disk) can be re- 
duced. 

Fig. 6A shows the section of one example of 
5 an optical c;sk of the present invention employing 
the modified center hubs 4 of Fig. 6. In this case, 
first and second transparent substrates 1 and 1 to 
which the two center hubs 4 and 4 of Fig. 5 with 
the notches 5e are fixedly secured, respectively. 
10 are disposed in such a manner that their respective 
flanges 6c are disposec in oppesed relation to 
each other. Then, the alternate flange sections and 
notches 6e of one of the two flanges 6c are fittingly 
engaged with the alternate notches 6e and flange 

js sections of the other flange Sc. respectively, so that 
the two flanges 6c jointly forms a flange of one 
layer. Thus, the first and second transparent sub- 
strates 1 as well as the two flanges 6c are con- 
nected together to provide the optical disk of a 

20 unitary construction. 

Fig. 7 is a perspective view of a modified 
magnetic plate 5. In this case, a plurality of de- 
pending portions 5b depend from the outer periph- 
ery of the magnetic plate 5. and a disengagement 

25 preventing portion 5c in the form of a through hole 
is provided at each depending portion 5b. The 
disengagement preventing portion 5c may be in 
any other suitable form such as a notch and a bent 
section. The depending portions 5b are embedded 

30 in the holder 6. so that the strength of connection 
between the magnetic plate 5 and the holder 6 is 
increased, -hereby positively preventing the mag- 
netic plate 5 from being cisengaged from the hoic- 
er 6. 

35 Fig. 3 is a sectional view snowing a third em- 

bodiment of the present invention. In this embodi- 
ment, as shown in Fig. 8. a canter hub 4 comprises 
a ring-shaped holder 6. and a magnetic plate 5 
bonded to an upper surface of the hcider 6. The 

*o holder 6 is fixedly secured to a transparent sub- 
strate 1 by an adhesive. The diameter of a refer- 
ence hole ia formed through the transparent sub- 
strate 1 is substantially equal to the outer diameter 
of a cylindrical portion 3b of a jig 3, and the 

<ss diameter of a spindle hole 5a of the magnetic plate 
5 is substantially equal to the outer diameter of a 
center pin 3c of the jig 8. The transparent substrate 
1 is centered with respect to the center hub 4 by 
means of the jig 8. as described above. 

so Figs. 9 to 17 show a fourth embodiment of -he 

present invention. Figs. 9 and 10 show an optical 
disk of this embediment contained in an optical 
disk cartridge, and mere specifically are plan views 
of the disk cartridge :n a closed condition of its 

55 shutter and in an open condition of the shutter, 
respectively. Fig. 11 is a sectional view of a portion 
of the optical disk. Fig. 12 is a plan view of a 
center hub. Fig. 13 is a sectional view of the center 
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hub. Fig. U is a boctom view of the center hub. 
Fig. 15 is an enlarged sectional view of a portion of 
the center hub in the verity of its spindle hole. 
Fig. ; 5 is an enlarged secticr.al view of an cuter 
pericrerai portion of :ne certer hub. Fg. 17 is a 
plan view of an assenciirg ;ic. 

The optical disk cartricge n this embodiment 
comprises brcaaly an uccer rase, a lower case, 
the ectical disk, an inadvertent erasure prevention 
memcer for the recording cn an A-surface of the 
cisk. an inadvertent erasure crevention member for 
:ne recording on a 5-su:ace zi the disk, ana the 
snutter. 

A cartridge case 21 rcrstituted by the upper 
and ewer cases is mctcec zi a synthetic resin 
such as polycarbonate. A3S resin, a mixture of 
polycarbonate and ABS resin, and a polypropylene. 
As shown in Fig. 10. a head access opening 22 of 
a slot-like shape is formed generally in a central 
portion cf the cartridge case 21, this head access 
opening 22 being continuous with a drive shaft 
insertion opening. A generally ;eft-half region of the 
cartridge case 21 including the head access open- 
ing 22 Is slightly stecpec downwardly with respect 
to the upper surface of :he canricge case 21 to 
provide a slice-guiding *ecessec portion 23 of a 
generally rectangular shace. The shutter 28 is mov- 
ably provided in the slide-guicing recessed portion 
23, and is always resiliently urged by a spring (not 
shown) in its closing direction. 

An arrow mark 24 Indenting the direction of 
insertion of the disk cartrcge as well as a mark 25 
indicating the s;ce A .or :re sice B) is provided on 
that ccrtion of the cartricge case 2» disposed adja- 
cent to -he siice-guicing -ecessec portion 23. Reg- 
istrator holes 25a anc 25c rcmposed of the com- 
bination of an oval ncie arc a circular hole are 
provicec at the rear portion cf the cartridge case 
21 at the right and left sides thereof. The A-side 
inadvertent erasure prevention member 27a and 
the 3-side inadvertent erasure prevention member 
27b are provided rearvardly of the registration 
holes 25a and 26b, rescectiveiy. and are disposed 
symmetrically with rescec: to the central plane cf 
the cartridge case 21. the two inadvertent erasure 
prevention members 27a anc 27b being movable. 

As shown in Fg. M. :ne optical disk 29 
rctatably housed in the :artricge case 21 mainly 
comprises transparent suostrates 30 of a disk- 
shape each having at ore side a recording layer 
(not shewn) having tracks of rine pits and projec- 
tions formed by preformec grooves or preformed 
pits, center huos 31 acresiveiy bonded respec- 
tively to the inner pericrerai oortions of the two 
transparent substrates 30. anc a pair of inner and 
outer peripheral spacers 33 and 34 interposed be- 
tween the two transparent substrates 30 to provide 
an air gap 32 of a precetermined thickness. The 



recording layers cn the two transparent substrates 
30 are directed inwardly, that is. toward each other. 

The center hub 31 comprises a holder 36 of a 
synthetic resin having substantially the same cceffi- 
5 cient of thermal expansion as the transparent sub- 
strat3 30. and a magnetic plate 37 integrally con- 
nected to the hoider 36. In this embodiment, the 
transparent substrate 30 and the center hub 31 are 
both made cf polycarbonate having a thermal ex- 

ro pansion coefficient of 3 x 10~ 5 cm cm/ C. The 
holder 36 has a radialiy-outwardly extencing fiance 
35 at its outer peripheral portion, the flange 35 
being adapted to be achesively bonced to the 
transparent substrate 30. The magnetic plate 37 is 

75 embedded in the central portion cf upper surface 
of the holder 36 by injection molding. 

The upper surface of the magnetic piate 37 is 
exposed from the holder 36 so as to be disposed 
in opposed relation to a permanent magnet prc- 

20 vided on a spindle hub of a disk drive device. As 
shown in Fgs. 13 and 15. an integral inner periph- 
eral wall 38 is formed by bending at the central 
portion of the magnetic plate 37. and the peripheral 
wall 38 defines a spindle hole (internal bore) 39 

25 into which a center pin of the above spindle hub is 
adapted to be inserted. As shown in Fg. 15. a 
distal end portion 40 of the inner peripheral wail 38 
is slightly bent radially outwardly, so that the edge 
of the distal end portion 40 will not be brought into 

30 direct contact with the above spindle hub and a 
center pin of the assembling jig. In addition, the 
edge of :he distal end portion 40 is directed into 
the holder 36 to serve to prevent the magnetic 
plate 37 from being disengaged from the ncicer 36. 

35 At ieast one tongue 41 depends from the cute' 

periphery cf the magnetic piate 37 (in this embed- 
ment, there are provided three tongues 41 spacec 
from each other at equal or regular internals in the 
direction cf the circumference of the magnetic 

40 plate 37). As shown in Fig. 13. the tongues 41 are 
embedded in the hoider 36 to serve to prevent the 
magnetic piate 37 from being disengaged from the 
holder 36. As shown in Figs. 1 2 and 1 3. a plurality 
of positioning holes 42 are formed through the 

45 magnetic plate 37 (in this embodiment, there are 
provided three positioning holes 42 circumferer- 
tially spaced from one another at equai intervals). 
When the holder 36 is to be injection-moided on 
the magnetic plate 37, the injection molding Is 

so carried out. with registration or positioning pins on 
a mold being fitted respectively in the positioning 
holes 42. so that the magnetic plate 37 is embed- 
ded in the holcer 36 coaxialiy therewith, as later 
described. 

55 In order to ensure a proper tracking during the 

recording and reproduction cf signals, it is neces- 
sary to adhesively bond the transparent substrate 
30 and the center hub 31 together in such a 
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manner that the imaginary center of the tracks of 
the preformed grooves is accurately aligned with 
the axis of the cerrer r.ub 3:. For this reason, as 
shewn in Figs. 13 and 14. a piuraiity of (three in 
this embodiment) notches or openings 43 are 
formed in the center hub 31 (holder 36) and are 
spaced circumferentiaily at equal inten/als. and a 
connective portion 44 is provided between each 
two adjacent notches 43. In order that the length of 
each tongue 41 of the magnetic plate 37 can be 
made as long as possible, the tongues 41 are 
embedded in the connective portions 44, respec- 
tively. The magnetic plate 37 is positioned by the 
positioning holes 42 within the meld so that each 
tongue 41 can be positioned accurately at the 
center of its corresponding connective portion 44. 

As shown m Figs. 12 and 16. an annular 
groove 45 of a channel-shaped cross-section is 
formed in the upper surface of the flange 35 at its 
proximal portion. 

In order to integrally connect the transparent 
substrate 30 and the center hub 31 together in 
registration with each other, the registration or 
alignment jig 46 shewn in Figs. 13 and 17 is used. 
The jig 46 js made cf a wear-resistant material 
such as stainless steel (SUS 3G4 or ferrite-type 
SUS), and has a base portion 46a. a short cylin- 
drical portion 46b formed on the base portion 46a, 
and a center pin 46c formed on the cylindrical 
portion 46b. The axis cf the cylindrical portion 46b 
is precisely aligned with the axis of the center pin 
46c. and the outer periphery of each of the cylin- 
drical portions ^o'c arc :re renter pin 46c is fin- 
ished into a true ;:rcuiar sn.ace. 

A piuraiity cf -three r. :his embodiment) fan- 
shaped notches 46b- < are *"crmed or cut in the 
outer peripheral portion cf the cylindrical portion 
46b. and are circumferentiaily spaced from one 
another at equal Inter/ais. so that a plurality of 
(three in this embodiment) ran-shaped projections 
46b-2 are provided. The fan-shaped projections 
46b-2 are so arranged as to correspond respec- 
tively to the notches or openings 43 in the holder 
31 shown in Fig. 14. so chat the projections 46b-2 
can be fitted in the notches 43. respectively. 

For adhesively bonding the transparent sub- 
strate 30 and the center hub 31 together, an adhe- 
sive 47, such as an ultraviolet ray-curing adhesive, 
an epoxy-type adhesive and a urethane-type adhe- 
sive, is beforehand depositee uniformly on the up- 
per surface of the flange 35. as shown in Fig. 16. 

Then, the center pin ^6c of the jig 46 is in- 
serted into the scindle hole 39 of the center hub 
31. and the fan-shaped projections 46b-2 of the jig 
46 are fined in the notches 43 of the holder 36. 
respectively. Thus, the center hub 31 is first posi- 
tioned on the jig 46. 

Then, in this condition, the center hub 31 is 



inserted into a reference hole 48 (see Fig. 1 1 ) 
formed through the transparent substrate 30 at the 
central portion thereof, so that the outer peripheral 
surfaces of the fan-shaped projections 46b-2 ex- 

5 oosed outwardly through the respective notches or 
openings 43 in the center hub 31 are brought into 
contact with the inner peripheral surface of the 
reference hole 48 in a press-fitting manner. As a 
result, the transparent substrate and the center hub 

to 31 are connected together in such a manner that 
the axis of :he reference hole 48 of the transparent 
substrate 30 is aligned with the axis of the spincle 
hole 39 of the center hub 31 thanks to the jig 46. In 
this condition, the adhesive 47 is cured, so that the 

. f 5 imaginary center of the tracks of the preformed 
grooves is precisely aiigned with the axis of the 
center hub 31. 

Figs. 13 to 20 show a fifth embodiment of the 
present invention: Fig. 18 -is a sectional view of a 

20 portion of an optical disk, and Fig. 19 is a sectional 
view of a center hub. and Fig. 20 is a plan view of 
the center hub. 

The optical disk of this embodiment differs 
from the optical disk 29 of Fig. 1 1 in the construc- 

25 tion of the center hub 31 . 

More specifically, in this embodiment, the cen- 
ter hub 31 is made solely of a magnetic plate 37. 
The magnetic plate 37 has a generally cap-shape, 
and has a spindle hole 39 at its central portion. A 

30 plurality of (three in this embodiment) notches or 
openings *3 are formed in a cylindncal portion of 
the magnetic plate 37. and as shown in Rg. 13. an 
adhesive 47 is deposited on an upper surface of a 
f!ange 35 so that the flange 35 can be adhesively 

25 bonded to a transparent substrate 30. 

Figs. 21 and 22 show sixth and seventh em- 
bodiments of the present invention, respectively. 

In the sixth embodiment cf Fig. 21. a central 
portion of a transparent substrate 30 is raised, and 

40 a reference hole 48 and a through hole 49 smaller 
in diameter than the reference hole 48 are formed 
in this raised central portion in concentric relation 
to each other. 

In this sixth embodiment, a center hub 31 is 

^5 made solely of a magnetic plate 37 having a spin- 
dle hole 39 at its central portion. The center hub 31 
is secured to the upper surface of the central 
portion of the transparent substrate 30 by an adhe- 
sive. 

so In the seventh embodiment of Fig. 22, a trans- 

parent substrate 30 has a reference hole 43 formea 
therethrough at its central portion. In this embodi- 
ment, a center hub 31 is made solely of a relatively 
thick magnetic plate 37, and a spindle hole 39 :s 

55 formed through the central portion of the magnetic 
plate 37. The center hub 31 is secured to the 
upper surface of the central portion of the transpar- 
ent substrate 30 by an adhesive. 
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In the sixth and seventh embodiments, when 
the magnetic plate 31 (37) is to be secured to the 
transparent substrate 30. the cylindrical portion 3b 
(mere specifically, the fan-shaced projections 3b-2) 
or the jig 3 shown in Fig. 2 s press- ? itted into the 
central hole or recess 48 of :he transparent sub- 
strate 30, so '.hat the canter cin 3c of the jig 3 is 
fittea :nto tne central hcie (sc:rtdie hole) 39 of the 
magnetic piate 31. thus fixirc magnetic plate 31 
relative to the transparent suostrate 30. and the 
magnetic plate 31 is boncec to the transparent 
sucstrate 30 by the adhesive _nder the thus fixed 
relative oosition. 

The optical disks describee above can be pro- 
cuced efficiently on a mass-production basis by 
the above-mentioned methecs using :he assem- 
bling jig. and the thus produced optical disks are 
stable in quality. 



Claims 

1. A method of producing an optical disk, com- 
prising the steps of: 

providing a jig having a cylindrical portion and a 
center pin formed on said cylindrical portion cc- 
axially therewith: 

providing a transparent substrate having a refer- 
enda hole formed therein at its central portion and 
disposed coaxially with an imaginary center of 
beam-tracking tracks, on said substrate, constituted 
by preformec pits and projections which tracks are 
spaced at predetermined intervals radially outward- 
ly of said reference hcie: 

fitting said cylindrical pcrticr zf said jig into said 
reference hole in saio transparent substrate: and 
inserting said center pin of said jig into a spindle 
hoie. formed in a spindle hoie-ccntaining member, 
against movement relative to said spindle hole, and 
subsequently securing said spindle hole-containing 
member to a central portion of said transparent 
substrate while keeping relative positions thereof, 
said spindle hole being smarter in diameter than 
said reference hcie in said transparent substrate. 

2. A method according to claim 1. in which a 
plurality of nctches are formed in an outer periph- 
eral surface of said cylindrical portion of said jig. 

3. A method according to claim 1. in which 
said cylindrical portion of said jig is press-fitted into 
said reference hole in said transparent substrate. 

4. A jig for assembling an optical disk includes: 
a cylindrical portion adapted to be fitted in a reg- 
istration reference hole formed in a transparent 
subs-rate at its central portion, said transparent 
substrate having beam-tracking tracks of preformed 
pits and projections which tracks are spaced at 
predetermined inter/als radially outwardly of said 
reference hole anri are concentrical therewith: and 



a center pin formed integrally on said cylindrical 
portion coaxiaily therewith, said center pin being 
adapted to be inserted mtc a scindle hole fcrmed 
in a spindle hole-containing member at a central 
5 portion thereof. 

5 A jig acceding to claim 4. in which sa.c 
cylindrical portion and said center pin are oozr 
made of a wear-resistant material. 

6. An optical cisk comprising: 

to a transparent substrate having a registration refer- 
er.ee hole fcrmec therein at its central portion. sa:z 
transparent substrate having bean -tracking tracxs 
of preformed pits and projections which cracks are 
spaced at predetermined intervals radially cutwarc- 

is ly of said reference hole and are concentrlca; 
therewith: and 

a spindle hole-containing member having a spincie 
hole smaller in diameter than said reference hole in 
said transparent substrate, said spindle hole-con- 

20 taining member being positioned relative to saic 
transparent substrate by means of a jig in such a 
manner that the axis of rotation of said spindle hole 
is aligned with the axis of said reference hole 
disposed coaxially with each other, and said spin- 

25 die hole-contaming member being secured to sa:c 
transparent substrate. 

7. An optical disk according to claim 5. r 
which said spindle hole-containing member has a 
cylindrical portion having notches formed therein. 

30 3. An optical disk according to claim 7. in 

which said spindle hole-containing member has a 
radially outwardly-directed flange formed on sajc 
cylindrical portion of said spindle hcie-containirc 
member, r.ctcnes cemg formed ;n said flange, s: 

;5 that said flange ras flange sections spacec 'cr- 
one another by sac notches. 

9. An optical cisk according to claim 3. " 
which there are provided first and second saiC 
transparent substrates disposed in opposed relation 

^o to each other, first and second said , spindle hoie- 
ccntaining members being fixedly secured respec- 
tively to said first and second transparent sub- 
strates, said flange sections of said flange of sajc 
mst spindle hole-containing member being fitted 

45 respectively in said notches in said flange of saic 
second spindle hcie-containing member wnereas 
said flange sections of said second spindle hcte- 
containing member are fitted in said notches :n 
said flange of said first spindle hole-containing 

50 member, and the opposite sides of said fiance 
sections of said flanges of said first and second 
spindle hole-containing members being bended tc 
the opposed surfaces of said first and seconc 
transparent substrates, respectively. 

55 10. An ccticai disk according to claim 3. n 

which said spmcle hole in said spindle hoie-ccn- 
taining member is made from a magnetic material. 
1 1 . An optical disk according to claim 3, n 
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which said spindle hole-ccntaining member com- 
prises a metallic plate having said spindle hole 
therethrough, and a cylindrical portion beicw the 
metallic plate, the metallic plate being fixed to an 
upper face of the cylindrical portion, said cy'indrical 5 
portion having at least two notches opened to a 
peripheral wall of the reference hole of said trans- 
parent substrate. 

12. An optical disk according to claim 11. in 
which the metallic plate comprises a magnetic me- ?o 
tallic plate. 

13. An optical disk according to cfaim 11, in 
which a part of the metallic plate is embedded in 
the cylindrical portion, and the metallic plate is 
provided with a part fcr preventing the metallic ;s 
plate from being disengaged from the cylindrical 
portion. 

14. An optical disk according to claim 11, in 
which said transparent substrate and the cylindrical 
portion are made from a same material. 20 
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